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Characteristics  and  Size  Reduction 
of  Navy  and  Municipal  Solid  Wastes 


ABSTRACT R  Characteristics  of  Navy  Solid  Wastes  (NSW)  and  Municipal  Solid  Wastes  (MSW) 
were  compared.  The  former  contained  more  organic  compounds  and  less  than  one  weight 
percent  of  flammable  or  explosive  materials.  The  performances  of  shear  shredder  and  hammer- 
mill  shredder  on  size  reduction  were  examined.  The  rhear  shredder  processed  a  larger  quantity 
and  variety  of  solid  wastes  with  a  greater  rate  and  availability.  The  shear  shredder  also  had  a 
significant  economical  advantage  over  the  hammermill;  however,  the  hammermill  produced  a 
finer  solid  size  with  a  better  maintainability. 
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INTRODUCTION 


^^The  Naval  Facilities  Engineering  Command  (NAVFAC)  has  tasked  the 
Naval  Civil  Engineering  Laboratory  (NCEL)  to  investigate  alternate 
disposal  technologies  for  Navy  solid  waste  (NSW).  Besides  landfill  and 
incineration,  one  potential  method  is  to  make  refuse-derived  fuel  (RDF) 
from  the  solid  waste.  A  prerequisite  or  benefit  to  these  methods  is  to 
reduce  the  physical  size  of  solid  waste. 

Several  investigators  have  studied  size  reduction  and  classification 
for  solid  waste.  Trezek ^tRef-T^-^mlucted  laboratory  research  to 
characterize  the  size  reduction  of  municipal  solid  waste  (MSW) .  Data 
and  results  were  presented  on  the  relationships- between  size  reduction, 
grinding  speed,  moisture  content,  energy  consumption,  and  feed  rate. 

Also  basic  considerations  for  designing  solid  waste  shredders  were 
included.  Wilson 'tRef_'2')acompiled  typical  data  on  waste  components, 
moisture  content,  volatile  substances,  and  other  properties  of  MSW.  , 

Freeman  and  Capps  ^Ref-3^°analyzed  the  data  of  NSW  and  developed - 7^°“^ 

relationships  of  bulk  density  with  respect  to  source  and  type  of  NSW. 

The  work  on  size  reduction  of  Navy  solid  wastes  was  conducted 
between  January  and  September,  1984.  This  report  includes  more  pertinent 
information  for  solid  wastes.  The  objectives  are: 


1.  To  determine  the  characteristics  of  NSW  and  compare  with  the 
MSW. 


2.  To  compare  the  performances  of  the  relatively  new  shear  shredder 
and  the  most  popular  hammermill  shredder. 

3.  To  compare  the  life-cycle  costs  of  the  two  methods  to  shred 
Navy  solid  waste. 


EXPERIMENTATION 

Two  types  of  commercial-scale  shredders  were  utilized  in  this 
program.  The  first  was  a  Cedarapids  5096  low-sf^ed,  high-torque,  rotary 
shear  shredder.  The  second  was  a  Heil  42-F  high  ;>pevd,  vertical  shaft 
hammermill. 

Comparisons  of  the  two  types  of  shredders  are  shown  in  Table  1. 

The  shear  shredder  had  a  feed  conveyor,  discharge  conveyor,  and  compactor. 
The  two  hammermill  shredders  had  individual  feed  conveyors,  but  shared  a 
discharge  conveyor  and  compactor. 

Tests  were  conducted  at  the  Charleston  County,  South  Carolina  Solid 
Waste  Reduction  Center  (SWRC) .  Concurrently  ten  samples  of  Navy  solid 
waste  from  the  Charleston  Naval  Base  were  analyzed  to  determine  the 
composition  of  material  and  difficult-to-shred  or  unshreddable  materials. 
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It  should  be  noted  that  although  the  overall  test  lasted  8  months  from 
January  to  September,  1984,  some  data  were  only  available  for  a  shorter 
period  due  to  recording  problems.  For  example,  the  detailed  repair  data 
were  only  recorded  for  6  months  and  the  power  consumption  data  for 
5  months. 

Throughout  the  8-month  period,  the  shear  shredder  processed  four 
times  as  much  material  as  the  hammermill  shredder.  The  total  production 
during  the  period  was  48,710  tons  for  the  shear  shredder  and  23,640  tons 
for  the  two  hammermill  shredders.  Daily  average  throughput  was  295  tons 
and  75  tons,  respectively.  Maximum  daily  quantities  processed  were 
488  tons  versus  150  tons.  Ten  samples  of  shredded  material  were  col¬ 
lected  from  each  shredder  for  size  analysis.  The  samples  were  dried  and 
then  screened  through  12- ,  8-,  6-,  4-,  2-,  1-,  1/2- ,  1/4- ,  and  1/8-inch 
sieve  series.  These  samples  were  also  hand-separated  into  ten  composi¬ 
tional  categories.  Size  distributions  were  calculated  for  each  category 
and  for  the  total  sample. 


RESULTS  AND  DISCUSSION 
Density  and  Composition  of  NSW 

Ten  samples  were  collected  from  the  NSW  at  Charleston  County,  SC 
for  analysis.  These  samples  had  a  total  weight  of  48,918  pounds.  The 
materials  had  a  bulk  density  in  the  trucks  of  5.05  lb/ft3  and  a  weighted 
average  density  of  5.18  lb/ft3.  The  densities  and  compositions  are 
shown  in  Table  2. 

Densities  are  important  factors  that  are  used  to  convert  an  easily 
measured  volume  to  weight.  It  is  interesting  to  check  these  data  with 
previous  investigations.  Freeman  and  Capps  (Ref  3)  developed  a  long 
term  waste  characterization  by  using  national  average  density  of  the 
NSW.  They  employed  the  survey  data  of  16  Navy  activities  gathered  by 
the  Naval  Environmental  Office  in  1976  and  1978.  Two  separate  multiple 
linear  regressions  were  carried  out  to  obtain  the  NSW  densities  for  11 
sources  and  13  types  of  waste. 

The  estimated  densities  for  13  different  types  of  NSW  and  the 
statistics  are  shown  in  Table  3. 

The  weighted-average  density  of  the  Charleston  County,  SC,  solid 
wastes  can  be  calculated  using  the  type  densities  established  by  Freeman 
and  Capps  (Ref  3)  and  others  (Ref  4).  The  calculations  are  shown  in 
Table  4.  The  observed  weighted-average  density  was  139  lb/yd3  while  the 
calculated  weighted-average  density  was  110  lb/yd3.  The  difference  is 
believed  to  be  caused  mainly  by  the  site  characteristics  of  the  Navy 
solid  wastes.  Different  Navy  sites  or  activities  may  perform  different 
missions  that  lead  to  different  types  of  solid  wastes.  However,  Freeman 
and  Capp's  approach  is  useful  and  the  "national  average  density"  of  the 
NSW  shall  become  more  reliable  if  more  data  of  different  sites  are 
collected. 

As  shown  in  Table  2,  the  composition  of  NSW  from  the  South  Carolina 
SWRC  was  divided  into  five  major  categories  and  various  smaller  categories. 
The  five  major  categories  are  organics,  inerts/glass,  ferrous  metals, 
nonferrous,  and  miscellaneous.  Comparison  of  the  composition  of  NSW 
with  that  of  typical  MSW  (Ref  4)  is  shown  in  Table  5.  It  can  be  seen 
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that  the  organic  content  of  the  Navy  solid  waste  found  in  this  study  is 
about  97%.  It  is  in  agreement  with  previous  study  by  Freeman  and  Capp, 
but  much  higher  than  typical  municipal  solid  waste  whose  organic  materials 
are  about  68%.  The  miscellaneous  category  of  the  NSW  includes  materials 
that  are  considered  flammable  or  explosive;  however,  the  flammable  or 
explosive  materials  were  less  than  0.5  percent  by  weight. 

Suitability  of  NSW  to  be  Shredded 

A  summary  of  the  unshreddable  and  difficult-to-shred  objects  in  the 
Navy  waste  is  shown  in  Table  6.  Of  all  the  Navy  material  analyzed,  the 
shear  shredder  was  expected  to  be  incapable  of  shredding  0.04  percent  of 
the  waste  and  to  have  difficulty  shredding  an  additional  0.21  percent  of 
the  waste.  For  the  same  waste,  the  Heil  42-F  hammermill  was  unable  to 
shred  10.41  percent  of  the  waste  and  had  difficulty  shredding  4.92  percent 
more  of  the  waste. 

Most  of  the  problems  encountered  with  waste  for  the  hammermill 
shredder  were  due  to:  (1)  large  size  material  that  could  not  fit  into 
the  shredder  feed  chute;  (2)  flexible  material  that  could  wrap  around 
the  rotor;  (3)  tough  material  which  could  not  be  rejected  through  the 
ballistic  ejection  chute;  and  (4)  the  flammable  or  explosive  material. 

The  problem  materials  for  the  shear  shredder  were  nylon  webbing,  steel 
steps,  and  aluminum  blocks. 

Processing  Capacity  of  Shredders 

The  average  daily  throughput  rates  were  determined  by  maintaining  a 
record  of  the  tons  processed  through  the  shredder  and  the  operating  hours 
of  the  shredder  during  each  daily  shift.  On  Mondays,  Tuesdays,  Thursdays, 
and  Fridays  the  normal  shift  for  the  plant  was  9  hours.  On  Wednesdays 
the  shift  was  scheduled  for  6  hours  due  to  a  decrease  in  the  amount  of 
solid  waste  collected.  There  were  no  weekend  operations. 

The  results  of  the  processing  capacities  are  shown  in  Table  7. 

The  data  does  not  include  days  when  the  equipment  was  down  for  repairs 
and  production  capacity  was  zero.  The  shear  shredder  processed  48,710  tons 
and  the  two  hammermills  processed  23,640  tons  during  the  analysis  period. 
Average  daily  processing  quantities  were  295  tons  for  the  shear  shredder 
and  75  tons  for  each  hammermill. 

The  average  processing  capacity  for  the  shear  shredder  throughout 
an  8-month  period  was  68.9  TPH  during  the  time  it  was  actually  processing. 
The  capacity  dropped  to  33  TPH  as  idle,  blockage,  repair,  and  no-fault 
hours  were  included.  The  average  processing  rate  for  the  hammermills 
was  16.7  TPH,  considering  only  active  processing  hours.  This  dropped  to 
8  TPH  with  the  addition  of  idle,  blockage,  repair,  and  no-fault  hours. 

All  shredders  were  processing  Navy  soild  waste  for  nearly  700  hours 
over  the  8-month  period.  The  shear  shredder  displayed  a  capacity  four 
times  greater  than  that  for  each  hammermill,  or  two  times  the  combined 
production  of  the  two  hammermill  shredders. 

Composition  and  Size  of  Shredded  Waste 


Average  size  data  from  the  shear  shredder  are  presented  in  Table  8. 
All  data  from  ten  samples  were  used  except  for  those  which  had  a  glass 
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content  in  excess  of  40  percent.  Average  size  data  from  the  hammermill 
shredder  are  presented  in  Table  9.  In  this  case,  all  the  sample  data 
were  utilized  except  one  which  had  nearly  40  percent  combined  glass  and 
inerts.  The  results  presented  are  the  averaged  size  and  composition  of 
nine  discharge  samples  from  each  shredder. 

Comparing  Tables  8  and  9,  the  discharge  from  the  shear  shredder  had 
a  much  lower  organic  material  content  (73.42%)  than  the  hammermill- 
shredded  NSW  (86.46%).  The  difference  is  made  up  predominantly  by  the 
shear  shredded  discharge  having  a  higher  glass  and  ferrous  content. 
Additionally,  the  shear  shredder  discharge  contained  more  nonferrous 
metals  and  inert  material  than  did  the  hammermill  shredder  discharge. 

The  very  low  glass  content  in  the  hammermill  discharge  may  have 
been  related  to  the  fact  that  glass  was  pulverized  and  embedded  into  the 
softer  organic  material  by  the  high  impact  hammers.  Also,  it  may  have 
indicated  the  hammermill  and  shear  shredders  were  fed  different  types  of 
NSW. 

The  corresponding  size  distribution  plots  of  Tables  8  and  9  are  shown 
in  Figure  1.  The  curves  are  similar  except  that  the  hammermill-shredded 
discharge  curve  is  offset  slightly  to  the  right  portion  of  the  graph  or  to 
finer  particle  sizes.  The  size  distribution  of  each  compositional  category 
from  the  total  NSW  is  plotted  in  Figure  2  (shear  shredder),  and  Figure  3 
(hammermill  shredder) .  These  figures  show  the  cumulative  weight  percent 
passing  a  sieve  size  versus  the  base-10  logarithm  of  that  sieve  size.  Thus, 
the  total  cumulative  percent  of  each  category  is  100  and  the  sieve  size 
increases  with  the  abscissa.  The  offset  to  slightly  finer  size  for  the 
hammermills  shredded  material  is  particularly  noticeable  in  the  organics, 
glass,  and  inerts  curves.  All  the  curves  indicate  that  the  hammermill 
produced  a  finer  discharge  particle  size. 

Figures  2  and  3  are  helpful  in  estimating  the  characteristic  particle 
sizes  and  nominal  sizes  of  the  various  solid  waste  constituents.  The 
characteristic  size  is  the  size  of  a  hypothetical  screen  through  which 
63.2  percent  of  the  material  would  pass  and  on  which  36.8  percent  would 
be  retained.  It  provides  a  simple  description  of  sample  size.  The  value 
is  related  to  the  Rosin-Rammler  (Ref  5)  equation  which  has  shown  relatively 
good  fit  in  describing  the  size  distribution  of  shredded  refuse.  The  nomi¬ 
nal  size  is  that  size  of  a  screen  where  90  percent  of  the  material  would 
pass  and  10  percent  would  be  retained.  It  emphasizes  the  coarser  particle 
sizes.  The  nominal  size  is  useful  in  the  design  of  waste  handling  proces¬ 
sing  systems. 

Calculated  characteristic  and  nominal  particle  size  values  are  listed 
in  Table  10.  The  ratio  of  total  shear-shredded  to  total  hammermill- 
shredded  discharge-material  for  the  characteristic  sizes  is  1.36,  indica¬ 
ting  the  generally  coarser  particle  size  produced  by  the  shear  shredder. 

The  same  ratio  for  the  nominal  size  is  only  1.11  which  suggests  that  each 
shredder  produces  a  similar  amount  of  extremely  coarse  material. 

Power  Consumption 

Power  consumption  data  for  the  shredders  in  Charleston,  SC,  are  shown 
in  Table  11.  Power  was  reported  for  105  days  for  the  shear  shredder  and 
99  days  for  the  hammermill.  Both  the  weighted  average  for  the  period  and 
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the  daily  average  of  the  shear  shredder  power  consumption  were  slightly 
greater  than  3  kWh/ ton.  The  weighted  average  power  consumption  of  the 
hammermill  shredder  was  8.44  kWh/ton  which  was  two  and  one-half  times 
greater  than  that  for  the  shear  shredder.  The  daily  average  power  con¬ 
sumption  of  the  hammermill  was  9.24  kWh/ton. 

Operations,  Maintenance,  and  Supervision 

Operations  and  maintenance  data  were  recorded  for  the  Cedarapids  5096 
shear  shredder  and  each  of  the  Heil  42-F  vertical-shaft  hammermills.  An 
operating  log  was  kept  to  record  the  hours  that  the  shredder  was  running 
and  not  running.  The  operating  hours  were  segregated  into  processing  and 
idling  periods.  Downtime  was  segregated  into  blockage,  repair,  and  no¬ 
fault  (off-duty)  hours.  A  summary  of  the  shredder  operations  is  given 
in  Table  12. 

The  total  period  for  this  analysis  was  1475.7  hours.  Each  of  the 
shredders  during  this  period  processed  NSW  for  about  700  hours  or  just 
under  50  percent  of  the  total  logged  time.  The  shear  shredder  was 
allowed  to  idle  without  processing  material  for  a  greater  portion  of  the 
time,  36  percent  compared  to  approximately  20  percent  for  each  hammermill 
shredder.  The  difference  was  almost  counterbalanced  by  the  longer  no¬ 
fault  hours  of  the  hammermill  shredders.  The  shear  shredder  required 
approximately  two  percentage  points  more  time  for  repairs  than  the 
hammermill  shredder.  Blockage  time  was  close  to  1  percent  for  all  three 
shredders . 

Theje  data  show  that  all  the  shredders  experienced  similar  operating 
histories;  however,  the  shear  shredder  was  often  allowed  to  idle  while 
the  hammermills  were  normally  turned  off  when  not  shredding.  This  was 
because  the  shear  uhredder  could  accept  a  greater  variety  of  feed  material 
and,  because  of  its  lower  power  demand,  was  kept  in  idling  reserve  more 
often  than  the  hammermills. 

Operations,  maintenance,  and  supervision/other  labor  were  tabulated 
for  each  shredder  over  a  7-month  period  beginning  March  1  and  ending 
September  20,  1984,  but  the  number  of  days  recorded  was  only  121.  Data 
are  summarized  in  Table  13. 

Allocation  of  labor  to  specific  unit  operations  of  an  entire  plant 
is  difficult.  Usually,  the  work  force  is  on  the  job  regardless  of 
whether  the  equipment  is  operating  or  not  operating.  In  the  case  of  the 
Charleston  SWRC,  County  officials  determined  that  during  normal  shift 
operations,  the  shear  shredder  required  12  man-hours  of  operating  labor, 
0.8  man-hour  of  routine  maintenance  labor,  and  1  man-hour  of  supervisory 
labor.  For  each  hammermill  the  labor  breakdown  was  11  man-hours  for 
operating,  0.6  man-hour  for  maintenance,  and  1  man-hour  for  supervising. 

On  Wednesdays,  when  less  NSW  was  delivered  to  the  SWRC,  the  operating 
man-hours  were  decreased  to  8  for  the  shear  shredder  and  7  for  each 
hammermill.  No  adjustments  were  made  to  maintenance  and  supervisory 
labor  on  Wednesdays.  Only  occasional  reallocations  were  made  for 
operational  variations. 

As  shown  in  Table  13,  operations  labor  was  higher  for  the  shear 
shredder  compared  to  each  hammermill.  Maintenance  labor  for  the  shear 
shredder  was  one-third  higher  than  for  a  hammermill.  Supervision  labor 
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was  essentially  identical  for  all  shredders.  Since  the  shear  shredder 
processed  approximately  four  times  the  quantity  of  NSW  than  either 
hammermill,  the  operations,  maintenance,  and  supervision  labor  per  ton 
of  waste  processed  by  the  shear  shredder  was  much  lower. 

Major  maintenance  actions  were  considered  repairs  in  this  work.  To 
be  defined  as  a  major  maintenance  action  the  remedy  had  to  be  nonroutine, 
require  at  least  one  man-hour  of  labor,  or  have  parts  cost  in  excess  of 
$50.00.  Examples  of  repairs  for  this  study  include  the  replacement  of 
filters  and  cutters  for  the  shear  shredder  and  the  replacement  of  hammers 
and  liners  for  the  hammermill  shredders. 

Detailed  repair  labor  and  parts  data  were  collected  and  are  summa¬ 
rized  in  Table  14.  During  the  6-month  period,  the  shear  shredder  required 
less  labor  per  ton  of  refuse  processed,  but  had  higher  parts  cost  than  the 
hammermills. 

Comparisons  With  Additional  Data 

Manufacturers'  data  list  the  shear  shredder  and  hammermill  capacities 
at  35  to  60  TPH  and  10  to  25  TPH,  respectively.  As  shown  in  Table  7,  the 
average  measured  capacities  of  the  shredders  excluding  idle  periods  were 
69  and  16  TPH,  respectively.  With  idle  included,  the  rates  at  38  TPH  and 
12  TPH  were  still  in  the  manufacturers'  ranges.  Therefore,  each  shredder 
processed  according  to  its  manufacturer's  specifications  during  this  study. 

Data  were  also  available  from  a  major  demonstration  program  which  was 
funded  by  the  New  York  State  Energy  Research  and  Development  Authority 
(NYSERDA)  at  Chemung  County,  New  York.  That  program  included  a  compara¬ 
tive  side-by-side  study  of  a  Cedarapids  5096  shear  shredder  and  a  Jeffrey 
790  horizontal-shaft  hammermill.  As  stated  before,  data  in  Table  7  were 
from  a  Cedarapids  5096  shear  shredder  and  two  Heil  42-F  vertical-shaft 
hammermill  shredders  at  Charlerton  County,  SC.  Comparative  data  from 
shredders  in  Charleston  County,  SC  and  Chemung  County,  NY  are  presented 
in  Table  15.  It  should  be  noted  that  the  demonstration  test  in  Chemung 
County,  NY,  was  on  municipal  solid  waste. 

The  shear  shredder  used  in  that  test  was  variously  configured  with 
6-,  4-,  and  2-inch  cutters.  The  Chemung  County  data  were  obtained  from 
the  averaging  of  individual  transfer  trailer  loads,  while  the  Charleston 
County  data  were  the  weighted  average  of  production  data.  Again,  the 
Chemung  County  data  showed  that  the  hammermill  shredder  produced  a  finer 
size  of  discharge  than  did  the  shear  shredder. 

The  Chemung  County  data  also  showed  that  the  throughput  capacity 
and  average  particle  size  reduced  and  the  power  consumption  increased  as 
the  cutter  width  for  the  shear  shredder  decreased. 

Particle  size  distributions  for  the  four  shredder  configurations  in 
Chemung  County  and  the  two  shredder  configurations  in  Charleston  County 
are  shown  in  Figure  4  using  logarithms  of  the  sieve  sizes.  This  shows 
that  the  shear  shredder  with  4-inch  cutters  in  Charleston  Co  ty  pro¬ 
duced  a  particle  size  distribution  that  was  finer  than  that  produced  in 
Chemung  County  with  4-inch  cutters.  In  other  words,  the  NSW  was  reduced 
to  smaller  particle  size  than  the  MSW  using  the  same  shear  shredder.  In 
fact,  the  NSW  shredded  size  using  4-inch  cutters  was  closer  to  the  MSW 
shredded  size  using  2-inch  cutters.  Figure  4  also  shows  that  the  Jeffrey 
790  horizontal  shaft  hammermill  produced  the  finest  particle  size  distri¬ 
bution. 
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Although  further  comparisons  between  the  shredders  and  shredded 
discharge  materials  at  the  two  sites  can  be  made,  there  is  the  concern 
that  different  feed  compositions,  operating  procedures,  and  feed  systems 
might  have  influenced  the  results. 

There  are  two  points  to  be  made.  The  first  is  that  shear  shredders, 
applied  to  solid  waste  shredding,  are  relatively  new.  As  experience  is 
gained,  the  cost  of  cutters  per  ton  processed  could  be  significantly 
reduced.  The  improvements  could  result  from  metallurgical  changes  in 
cutters  that  extend  cutter  lives,  or  improvements  in  manufacturing 
techniques  that  could  decrease  the  cost  of  cutters.  The  second  point  is 
that  a  hammermill  of  comparable  capacity  to  the  shear  shredder  should  be 
tested  because  most  of  the  parameters  from  this  study  are  dependent  upon 
the  throughput  capacity  of  the  mill  tested. 


RAM  Analyses 

Reliability,  availability,  and  maintainability  (RAM)  analyses  were 
determined  using  Navy  procedures  (Ref  6)  for  the  shear  shredder  and  the 
vertical-shaft  hammermill  nhredders.  Total  monitoring  time,  T,  observed 
in  the  RAM  analyses  is  expressed  in  Equation  1: 


T  =  t  .  +  t 
al 
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+  t,  +  t 
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+  t,  +  t 
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where: 
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Time 

Time 

Time 

Time 

Time 


shredder  was  energized  and  processing  (operational),  hr. 
shredder  was  energized  but  idle  (not  processing),  hr. 
spent  in  routine  maintenance,  hr. 
spent  in  repairs/replacements,  hr. 

shredder  was  de-energized  (down),  but  operational,  hr. 
shredder  was  de-energized  (down),  but  not  operational,  hr. 


The  numerical  values  for  the  time  periods,  labor  man-hours  for  each 
period,  and  other  independent  parameters  during  January  through  June,  1984 
are  presented  in  Table  16.  The  results  of  the  RAM  analyses  are  presented 
in  Table  17  and  are  discussed  below: 


1.  Reliability  (R) .  Reliability  is  the  measure  of  the  probability 
that  the  equipment  functions  satisfactorily  over  the  duration  of  its 
mission.  Reliability  can  be  computed  for  various  missions  including 
waste  disposal  and  steam  production.  Equation  2  is  the  simplified 
form  of  R: 
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where:  =  Nuaber  of  failures  that  caused  shutdown  of  the  system. 

ta  -  t  ^  +  t^  =  operating  time,  hr. 

t  =  Mission  time.  This  is  the  time  over  which  we  wish 
uninterrupted  operation  of  the  system,  hr. 

MTBF  =  Mean  time  between  failure,  hr. 


The  reliabilities  were  0.99  for  the  hammermills  and  0.98  for  the  shear 
shredder.  Thus,  the  reliabilities  of  the  two  types  of  shredders  were 
nearly  the  same.  Mission  time  was  selected  as  8  hours  or  one  operating 
shift. 


2.  Availability  (A).  Availability  is  defined  as  the  probability 
that  equipment  will  be  capable  of  performing  its  specified  function  when 
called  upon.  Operational  availability  provides  the  best  measure  for 
equipment  in  an  operational  environment.  It  is  the  ratio  of  the  operating 
time  over  the  sum  of  operating  time  and  downtime.  Equations  3a  and 
3b  are  used  to  calculate  the  operational  availability  (A)  for  each 
shredder  with  and  without  the  idle  period,  respectively. 


A 


tal  +  ta2 


(3a) 


A  = 


(3b) 


As  stated  previously,  the  shear  shredder  was  allowed  to  idle  for  longer 
periods  while  the  hammermills  were  turned  off.  As  a  result  of  this 
operational  practice,  the  hammermills  had  higher  availability  (49.8  percent 
compared  to  47.2  percent)  than  the  shear  shredder  excluding  idle  periods. 
However,  the  shear  shredder  had  higher  availability  (82.4  percent  compared 
to  68.9  percent)  if  the  idle  time  is  included. 

3.  Maintainability  (M) .  Maintainability  is  expressed  as  the 
man-hours  required  for  maintenance  and  repairs  within  a  given  period  of 
operating  time.  Equations  4a  and  4b  for  calculating  maintainability  are 
shown  below: 
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where  M  =  Maintainability,  man-hours/hr. 

M.  =  Man-hours  for  routine  maintenance, 
ta 

M^  =  Man-hours  for  repairs/replacement. 

With  or  without  the  idle  period  included  in  the  operating  time,  the 
hammermill  shredders  required  less  man-hours  for  maintenance. 


LIFE-CYCLE  COST  ANALYSIS 

Lift-cycle  cost  comparisons  based  on  Navy  economics  practice  were 
made  for  the  two  types  of  shredders  at  the  Charleston  County,  SWRC.  The 
analyses  calculated  the  present  value  (PV)  cost  and  other  costs  for  NSW. 

The  present  value  cost  shown  in  Table  18  was  calculated  both  including 
and  excluding  capital  investment  (that  is,  considering  the  capital  cost 
as  a  sunk  cost).  The  results  of  the  analysis  with  the  capital  investment 
included  showed  the  cost  per  ton  for  shredding  to  be  $2.34  for  the  shear 
shredder  and  $4.62  for  the  hammermill.  With  capital  investment  of  the 
entire  facility  (including  the  building,  auxiliary  equipment,  and  shredder) 
excluded,  the  shear-shredding  cost  decreased  to  $1.60/ton  while  the  hammer 
decreased  to  $2.46/ton. 

The  latter  proach  was  the  preferred  analysis  since  it  appeared  to 
more  accurately  rodei  the  present  status  of  the  SWRC.  The  hammermills 
were  installed  as  original  equipment  in  the  SWRC  while  the  shear  shredder 
was  retrofit  at  a  later  date,  but  prior  to  this  program.  This  made  cost 
comparisons  more  difficult,  unless  the  capital  cost  for  the  entire  faci¬ 
lity  was  deleted.  In  addition,  most  published  data  on  shredding  costs 
are  predominantly  operations  and  maintenance  costs,  which  are  comparable 
to  considering  the  total  capital  cost  as  a  sunk  cost. 

Procedure 


The  analysis  utilized  the  Navy  economics  procedures  contained  in 
Reference  7.  A  facility  life  of  25  years  and  a  shredder  life  of  10  years 
was  selected  from  the  Navy's  guidelines.  The  project  life  for  the  life- 
cycle  period  was  selected  as  20  years,  or  two  times  the  life  of  the 
shredder.  An  allowance  was  made  at  the  tenth  year  to  replace  the  shredder. 
It  was  anticipated  the  shredder  would  not  be  replaced  in  year  20  since 
the  facility  had  only  5  years  of  service  life  remaining.  Operations  and 
maintenance  costs  were  determined  for  every  year  of  the  20-year  project 
life  observing  an  inflation  rate  of  5  percent. 

When  capital  investments  were  included  in  the  cost  analysis,  a  con¬ 
struction  period  of  1  year  was  selected  and  the  capital  costs  were  paid 
quarterly.  The  time  value  of  money  of  construction  payments  was  incor¬ 
porated  into  the  analyses  at  an  annual  discount  rate  of  10  percent.  The 
present  value  of  all  costs  for  each  year  of  the  20-year  life  were  then 
calculated  for  the  base  year,  in  this  case  1985.  A  refuse-drived-fuel 
(RDF)  revenue  was  considered  in  the  analysis  for  each  year  of  the  20-year 
project  life.  A  1985  present  value  for  revenue  was  also  calculated. 
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Finally,  the  net  present  value  (cost  minus  revenues)  was  calculated  and 
divided  by  the  total  production  for  the  20-year  period  to  arrive  at  a 
net  present  value  cost-per-ton  calculation. 

Cost  Estimates 

The  life-cycle  cost  analyses  were  done  utilizing  the  data  obtained 
from  this  program,  other  published  information,  and  necessary  estimates. 
The  summarized  data  that  were  used  for  both  the  shear  shredder  and  the 
hanunermill  analyses  are  presented  in  Table  18.  All  costs  were  deter¬ 
mined  in  1985  dollars  and  inflated  at  5  percent  annually  for  subsequent 
years . 

Operating  Costs.  Labor  rates  for  solid  waste  facilities  in  the 
general  Charleston,  SC,  area  were  reviewed.  Three  categories  of  labor 
were  used:  operations  -  $7. 50/hour;  maintenance  -  $5. 25/hour;  and 
administration  -  $10. 50/hour.  A  burdening  factor  of  1.25  was  applied  to 
each  rate  to  cover  fringe  benefits.  Man-hour  per  ton  labor  data  devel¬ 
oped  in  the  preceding  sections  (e.g.,  see  Table  14)  were  used  in  the 
analyses . 

Operating  costs  for  the  Charleston  shredding  operation  were  dominated 
by  electrical  power  costs  for  both  shredders,  and  replacement  costs  of 
blades  and  hammers  for  the  shear  shredder  and  hammermills ,  respectively. 
The  electrical  power  cost  in  the  Charleston  area  was  approximately 
$0. 06/kWh.  Power  consumption  data,  measured  in  this  program  for  each 
shredder,  were  used.  Cutter  blades  cost  $24,000  per  set  for  the  shear 
shredder  and  hammers  cost  $9.00  apiece  for  the  vertical-shaft  mills. 

The  repair  parts  costs-per-ton,  calculated  in  Table  14  in  this  report 
for  each  shredder,  were  employed  in  the  life-cycle  cost  analyses. 

Disposal  costs  for  Charleston  County  are  approximately  $8. 60/ton.  A 
value  of  $1.00/ton  was  utilized  in  this  particular  analysis,  however,  to 
represent  the  differential  cost  between  shredded  and  unshredded  solid 
waste  disposal  at  the  landfill.  In  Charleston  County,  both  shredded  and 
unshredded  solid  waste  is  landfilled.  The  unshredded  waste  requires  more 
landfill  volume  and  more  cover  material.  This  has  been  estimated  as 
having  an  added  cost  impact  of  $1. 00/ton  on  the  unprocessed  waste.  Since 
all  the  material  is  landfilled,  no  value  can  be  assigned  to  the  RDF  pro¬ 
duced. 

Availability  of  the  shredders,  as  determined  on  this  project,  was 
applied  to  annual  shredder  production  figures.  This  was  accomplished  by 
utilizing  shredder  throughput  rates,  idle,  blockage,  and  repair  hours  in 
the  calculation.  Thus,  processing  rates  employed  in  the  cost  analyses 
were  35.75  TPH  and  10.66  TPH  for  the  shear  shredder  and  each  of  the 
haamermill  shredders,  respectively. 

Capital  Costs.  The  preferred  analyses  did  not  include  capital  costs 
and  considered  the  cost  of  the  facility  as  a  sunk  cost  (all  capital  costs 
added  to  zero).  In  the  case  when  capital  costs  were  included,  the  costs 
consisted  of  equipment  and  materials  (E&M),  installation,  engineering  and 
construction  supervision,  and  management  reserve.  The  E&M  costs  totaled 
$607,440  for  the  shear  shredder  plant  and  $412,500  for  the  twin  hammerrnill 
shredder  plant;  installation  costs  totaled  $217, 84C  for  the  shear  shredder 


and  £249,520  for  the  hammermills;  engineering  and  construction  supervision 
was  estimated  at  12  percent  of  the  installation  costs;  and  a  management 
reserve  at  15  percent  of  the  installation  costs.  Contingency  costs  for 
each  shredder  were  calculated  as  25  percent  of  the  sum  of  the  total 
capital  costs.  The  equipment  cost  in  1985  dollars  was  also  inflated  to 
1995  dollars  at  5  percent  to  determine  the  equipment  replacement  cost  in 
year  10.  The  present  value  of  that  cost  was  calculated  for  year  zero  of 
the  project  life. 

As  shown  in  Table  18,  the  shear  shredder  involved  a  greater  capital 
investment  but  with  a  corresponding  larger  production  of  shredded  product. 
The  resultant  present  value  of  unit  capital  cost  for  the  shear  shredder 
was  only  $0.87  per  ton,  while  that  for  the  hammermill  facility  was  $2.35 
per  ton.  The  costs  for  the  shredders  were  estimated  at  $300,000  for  the 
shear  shredder  and  $87,000  for  each  of  the  hammermills.  The  ratios  of 
the  total  equipment  and  materials  to  the  shredder  costs  were  2.02  for 
the  shear  shredder  and  4.74  for  the  hammermill.  If  infeed  and  discharge 
conveyors  were  in  existence  and  conveyor  costs  (estimated  at  $214,000  in 
both  cases)  were  excluded  from  the  facility  equipment  costs,  then  the 
ratios  of  the  total  equipment  and  materials  to  the  shredder  costs  would 
decrease  to  1.31  for  the  shear  shredder  and  2.28  for  the  hammermill.  The 
extremely  low  ratio  for  the  shear  shredder  has  been  calculated  (Ref  8) 
and  supported  by  manufacturers  (Ref  9,10).  They  indicated  that,  in  the 
mere  complex  i.  ,\;taliations,  a  factor  of  25  to  30  percent  additional  to 
the  cost  of  the  shear  shredder  should  safely  cover  the  ancillary  equip¬ 
ment.  For  simple  installations  with  existing  conveyors,  the  cost  ratios 
can  be  much  lower.  Typically,  the  shear  shredder  price  includes  a  stand, 
feed  hopper,  and  local  control  panel;  the  only  additional  material  costs 
are  for  transition  chutes,  anchor  bolts,  grouting,  electrical  connections, 
and  control  wiring. 

Sources  of  capital  cost  data  include  Chemical  Engineering  Magazine, 
Charleston  County  Shredder  Explosion  Insurance  Claim  Report,  Allen 
Bradley  Catalogue  data,  actual  and  calculated  data  from  this  project, 
and  engineering  estimates. 

Cases  With  and  Without  Initial  Capital  Cost 


As  stated  above,  the  preferred  case  is  where  there  are  no  capital 
costs  and  the  first  day  of  operations  is  set  at  day  zero  of  the  project 
life.  In  this  case,  the  present  value  of  the  major  equipment  (shredder) 
replacement  shown  in  Table  18  was  lower  for  the  hammermill.  However, 
the  shear  shredder  processed  1,426,420  tons  of  solid  waste  while  the 
hammermill  could  process  only  426,400  t;~s  over  the  20-year  period. 
Hence,  the  present  value  cost  per  ton  was  $1.60  for  the  shear  shredder 
and  $2.46  for  the  hammermill. 

The  same  comparative  situation  prevailed  when  the  initial  capital 
was  included  and  the  first  day  of  construction  was  set  as  day  zero,  or 
the  reference  day.  Tne  project  life  became  21  years:  20  were  processing 
years  and  the  other  year  was  the  construction  period.  With  this  small 
variation,  the  present  value  of  equipment  costs  and  operations  and 
maintenance  costs  were  slightly  less  than  those  for  the  previous  case, 
but  the  PV  ratios  between  the  shredder  types  were  identical.  Major 
equipment  costs  were  $442,200  for  shear  shredder  and  $299,190  for 
hammermill.  Once  again,  the  20-year  production  capacity  of  the  shear 


shredder  was  over  three  tines  that  of  the  hammermill.  The  resultant 
net  present  value  for  the  shear  shredder  on  a  per-ton  basis  was  lower 
for  the  shear  shredder,  $2.34  compared  to  $4.62. 

The  life-cycle  cost  analyses  for  the  Charleston  County  SWRC 
parallel  those  findings  in  the  Equipment  Performance  section.  On  a 
cost-per-ton  basis,  the  shear  shredder  costs  are  also  lower  than  the 
hammermill  shredder  costs. 


CONCLUSIONS 

Based  on  the  data  and  results  presented  above,  we  can  draw  the 
following  conclusions: 

1.  The  composition  of  NSW  is  similar  to  that  of  MSW  except  that 
the  former  has  more  organics  and  contains  less  than  0.5  weight  percent 
of  flammable  or  explosive  materials. 

2.  Using  the  same  size  of  shear  shredder,  NSW  can  be  reduced  to 
smaller  particles  than  MSW. 

3.  The  performances  of  the  shear  shredder  and  the  hammermill 
shredder  show  a  number  of  significant  differences  as  follows: 

•  Feed  Limitations  -  The  shear  shredder  results  in  a  smaller 
amount  of  unshreddable  and  difficult-to-shred  materials 
than  the  hammermill  shredder. 

•  Discharge  Size  -  The  hammermill  shredder  produces  a 
discharge  of  somewhat  finer  solid  size  than  the  shear 
shredder  at  both  Charleston  and  Chemong  Counties. 

•  Power  Draw  -  The  electricity  consumption  of  the  shear 
shredder  per  unit  solid  weight  processed  is  less  than 
that  of  the  hammermill  shredder  (3.02  versus  8.44  kWh/ton, 
respectively) . 

•  Labor  Needs  -  The  unit  labor  requirements  for  operations, 
maintenance,  and  management  for  the  shear  shredder  are 
less  than  those  for  the  hammermill  shredder.  The  former 
requires  0.035,  0.003  and  0.003  man-hours/ton  for  the  above 
three  items,  respectively,  while  the  latter  needs  0.133, 

0.008,  and  0.013  man-hours/ton,  respectively. 

•  Repair  Costs  -  The  shear  shredder  requires  less  repair 
labor  but  higher  part  costs  than  the  hammermill  shredder. 

•  Reliability  -  The  shear  shredder  and  the  hammermill  shredder 
have  nearly  the  same  reliability  without  interruption  in 
operation.  However,  the  shear  shredder  exhibits  a  higher 
operational  availability  (based  on  the  total  operational 
time)  but  a  poorer  maintainability.  This  is  because  the 
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shear  shredder  is  allowed  to  idle  for  longer  periods 
within  operational  time.  The  idle  is  justified  by  the 
larger  processing  capacity  and  smaller  power  consumption 
of  the  shear  shredder. 

•  Total  Costs  -  The  shear  shredder  has  a  significant  economical 
advantage  over  the  hammermill  shredder.  When  capital  invest¬ 
ment  for  existing  facilities  is  excluded,  the  net  present 
values  of  total  costs  become  $1.60/ton  and  $2. 46/ton  for  the 
shear  shredder  and  the  hammermill  shredder,  respectively. 

When  capital  investment  for  new  facilities  is  included,  the 
net  present  values  of  total  costs  are  $2. 34/ton  and  $4. 62/ton 
for  the  two  types  of  shredders,  respectively. 

•  Operating  Costs  -  Similarly,  when  capital  investment  is  not 
required,  the  present  values  of  operating  costs  are  $1.60/ton 
and  $2. 46/ton  for  the  shear  shredder  and  hammermill  shredder, 
respectively.  When  capital  investment  is  required,  the  net 
present  values  of  operating  costs  are  $1. 40/ton  and  $2.27/ton 
for  the  two  types  of  shredders,  respectively. 
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NOMENCLATURE 


A 

E&M 


kWh/ ton 

lb/cu.yd. 

M 

MSW 

MTBF 

M. 

ta 


M 


tb 

M. 

tc 

NA 

NAVFAC 

NPV 

NYSERDA 

NCEL 

N 

r 

O&M 

PV 

R 

RAM 

RDF 

NSW 

SWRC 


Availability,  fraction 
Equipment  and  materials 
Kilowatt-hour/ ton 
Pound  per  cubic  yard 
Maintainability,  man-hours/hr 
Municipal  solid  waste 
Mean  time  between  failure 
Man-hours  during  period  tg 
Man-hours  during  period  t^ 

Man-hours  during  period  tc 
Not  available 

Naval  Facilities  Engineering  Command 
Net  present  value 

New  York  State  Research  and  Development  Authority 

Naval  Civil  Engineering  Laboratory 

Number  of  failures 

Number  of  repairs 

Operations  and  maintenance 

Present  value 

Reliability,  fraction 

Reliability,  availability,  and  maintainability 

Refuse  derived  fuel 

Navy  solid  waste 

Solid  waste  reduction  center 


TPD 

TPH 

rpm 


T 

ta 


t 

e 


Tons  per  day 
Tons  per.hour 
Revolutions  per  minute 
Total  monitoring  time,  hour 
Operational  time,  hour 

Operational  time  when  shredder  was  energized  and 
processing,  hour 

Operational  time  when  shredder  was  energized  but  idle 
(not  processing) ,  hour 

Routine  maintenance  time,  hour 

Repair  time,  hour 

Time  when  shredder  was  de-energized  (down)  but 
operational,  hour 

Time  when  shredder  was  de-energized  (down)  but  not 
operational,  hour 

Mission  time,  hour 
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Table  1.  Comparison  of  Shredders 


Item 

Cedarapids  5096 

Heil  42-F 

Overall  dimensions, 

L  x  W  x  H  (in) 

175  x  74  x  52 

133  x  124  x  118 

Infeed  opening 
(in) 

50  x  96 

36  x  66 

Weight  (lb) 

40,000 

25,000 

Shafts 

2  -  horizontal 

1  -  vertical 

Motor  horsepower 

2  x  200 

1  x  250 

Drive 

Hydraulic 

V-Belt  and  Sheave 

Shaft  RPM 

1  -  33 

1  -  43 

1200  nominally,  both 
clockwise  and  counter 

Cutters/Hammers 
weight  (lb) 

24  cutters 

400,  approximately 

38  hammers 

14.25 

Tip  to  tip  distance 
(in) 

26 

from  27  to  42  depending 
on  location 

Procedure  for 
difficult- 
to-shred 

Reverse,  or  jam  and 
remove  manually 

Reject,  or  jam  and 
remove  manually 

Rated  capacity  (TPH) 

35  -  60 

10  -  25 
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Table  2.  Analysis  of  Navy  Waste  Sample 


Truck  Bulk  Density  and  Composition 


Volume,  ft3 

10800 

Usage 

0.88 

Net  volume,  ft3 

9450 

Density,  lb/ft3 

Average 

5.05 

Weighted  average 

5.18 

Item 

Total  Sample 

Wet  Weight  (lb) 

Wet  Weight  (%) 

Composition 

Paper 

13139 

26.86 

Plastic 

Light 

2036 

4.16 

Heavy 

237 

0.48 

Other 

117 

0.24 

Rubber 

Tires 

2 

.00 

Other 

665 

1.36 

Cardboard 

13973 

28.56 

Textiles 

860.5 

1.76 

Wood 

Pallets 

2140 

4.37 

Other 

3556 

7.27 

Misc.  organics 

10755 

21.99 

Subtotal  organics 

47480.5 

97.06 

Glass 

330.5 

0.68 

Inerts/ceramics 

266 

0.54 

Subtotil  Inerts 

596.5 

1.22 

Ferrous 

Cable/strapping 

83 

0.17 

Other 

351 

0.72 

Subtotal  ferrous 

434 

0.89 

Nonferrous 

Cable 

29 

0.06 

Other 

242 

0.49 

Subtotal  nonferrous 

271 

0.55 

Miscellaneous 

Aerosol  can 

7 

0.01 

Paint 

4 

0.01 

Solvents 

10 

0.02 

Oil 

15 

0.03 

Insulation 

100 

0.20 

Subtotal  miscellaneous 

136 

0.28 

TOTAL 

48918 

100.00 

Table  3.  Estimated  Densities  and  Statistics  by  Waste  Types 


Waste  Type 

Density 

(lb/ydS) 

Standard 

Error 

(lb/yd3) 

95%  Confidence 
Interval 
( lb/yd3 )a 

Student's 

t-Value 

Paper 

56 

7.5 

41-70 

7.4 

Cardboard 

44 

6.4 

31-56 

6.8 

Mixed  office 

75 

3.3 

68-81 

22.9 

Residential 

98 

8.8 

81-116 

11.2 

Wood 

158 

16.7 

126-191 

9.5 

Yard 

138 

13.8 

111-165 

10.0 

Food 

477 

29.3 

419-535 

16.3 

Metals 

117 

66.6 

-14-248 

1.8b 

Dormitory 

56 

10.7 

35-77 

5.3 

Sewage 

333 

195.9 

-52-717 

1.7b 

Glass 

712 

1052 

-1354-2778 

0.7b 

Ship 

290 

91.7 

110-470 

3.2 

Construction 

850 

706 

-536-2236 

..2» 

£ 

The  statistical  95%  confidence  limits  about  the  estimated  densities 
are  shown  on  this  table.  These  confidence  limits  assume  that  the 
densities  are  normally  distributed.  This  is  not  strictly  true  because 
it  is  theoretically  impossible  for  a  density  to  be  less  than  zero. 

The  violations  of  the  normality  assumption  are  expected  to  be  most 
severe  when  the  estimated  density  is  close  to  zero  or  when  its  standard 
deviation  is  large.  In  either  of  these  cases  the  lower  confidence 
limit,  based  on  the  normal  distribution,  may  be  less  than  zero. 

bA  student's  t-test,  using  a  significance  level  of  0.05,  was  used  to 
determine  if  the  estimated  densities  are  statistically  significant. 
Accordingly,  t-values  of  less  than  1.9  are  not  statistically  signifi¬ 
cant.  Thus,  density  values  associated  with  such  t-values  are 
considered  unreliable  for  use  in  this  model. 
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Table  4.  Estimation  of  Weighted  Average  Density  Using  Type  Densities 


Observed  weighted-average  density  (from  Table  2): 

lb 


«-  1ft  lb.  *  27  ft3 
5'18  ft3  1  yd3 


=  139 


yd 


Estimated  weight  average  density: 


Waste  Type 

(a)  Wt.  fract. 
from  Table  2 

(b)  Type  density 
(lb/yd3)  from 
Table  3  &  Ref  4 

(a)  x  (b) 

Paper 

.2686 

56b 

15.04 

Plastics 

.0488 

109h 

5.32 

Rubber 

.0136 

2l8b 

2.96 

Cardboard 

.2856 

12.57 

Textiles 

.0176 

109b 

1.92 

Wood 

.1164 

158 

18.39 

Miscellaneous  organics 

.2199 

197a 

43.32 

Inert  and  glass 

.0122 

712 

8.69 

Metals 

.0144 

117 

1.68 

Miscellaneous 

.0028 

117 

0.33 

1.0000 

110.23 

Calculated  weighted-average  density  =  110.23  lb/yd3. 

£ 

Average  density  of  solid  wastes  from  mixed  office,  residential,  yard, 
and  food. 

bData  from  Reference  4. 
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Table  5.  Comparison  of  Composition  of  Navy  Solid  Waste  and 
Municipal  Solid  Waste. 


Composition 

NSW  Weight  (%) 

MSW  Weight  (%) 

From  Table  2 

From  Ref  3 

Medium3 

Normalized 

Paper 

26.86 

53. A 

50 

Plastic 

A. 88 

1.0 

6 

Rubber 

1.36 

0.1 

1 

Cardboard 

28.56 

30.0 

- 

Textiles 

1.76 

- 

2 

Wood 

11. 6A 

A.O 

3 

Other  organics 
(food,  leather) 

21.99 

8.3 

16 

Organics 

97.06 

96.8 

78 

67.83 

Inerts/glasses 

1.22 

1.1 

10 

8.69 

Metals 

l.AA 

2.0 

9 

7.83 

Miscellaneous 

0.28 

0.1 

18 

15.65 

Total 

100.00 

100.0 

"5_ 

100.00 

£ 

Medium  values  from  Reference  2. 
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Table  6.  Unstueddable  and  Difficult-to-Shred  Objects  of 
Navy  Solid  Waste  (data  are  in  pounds) 


Component 

— 

Unshreddable 

Difficult-to-Shred 

Shear 

Heil 

Shear 

Heil 

Paper 

13139 

0 

0 

360 

Plastic 

Light 

2036 

0 

0 

0 

Heavy 

237 

0 

wmmm 

0 

0 

Other 

117 

0 

0 

0 

0 

Rubber 

Tires 

2 

0 

mgm 

0 

0 

Other 

665 

0 

liSS 

0 

0 

Cardboard 

13973 

0 

MEm 

0 

605 

Textiles 

860.5 

0 

62 

75 

Wood 

Pallets 

2140 

0 

1715 

0 

95 

Other 

3556 

0 

1224 

0 

1125 

Misc.  organics 

10755 

0 

0 

0 

0 

Glass 

330.5 

0 

0 

0 

0 

Inerts/ ceramics 

266 

0 

0 

0 

60 

Ferrous 

Cable/strapping 

83 

0 

0 

0 

0 

Other 

351 

0 

100 

40 

77 

Ncnferrous 

Cable 

29 

0 

0 

0 

0 

Other 

242 

19 

19 

0 

12 

Miscellaneous 

Aerosol  can 

7 

0 

2 

0 

0 

Paint 

4 

0 

0 

0 

0 

Solvent 

10 

0 

1 

0 

0 

Oil 

15 

0 

0 

0 

0 

Insulation 

100 

0 

0 

0 

0 

Tot=.l 

48918 

19 

5093 

102 

2409 

Percent 

100.00 

0.04 

10.41 

0.21 

4.92 

Item 

Shear 

Shredder 

Mill  #1 

Days  tested 

165 

Tonnage  (w) 

48,709 

Daily  tonnage 

Average 

295.21 

Maximum 

488.0 

6-month  operations  records 

a.  Process  hours 

706.6 

b.  Idle  hours 

533.2 

c.  Blockage  hours 

10.5 

d.  Repair  hours 

112.3 

e.  No-fault  hours 

113.1 

6-month  shredder  capacity,  TPH 

a.  w/a  above 

68.93 

b.  w/a  and  b 

39.29 

c.  w/a,  b,  and  c 

38.96 

d.  w/a,  b,  c  and  d 

35.75 

e.  w/a,  b,  c,  d  and  e 

33.01 

Average  of  daily  capacities,  TPH 

a.  Process  hours,  only 

68.16 

b.  Process  and  idle  hours,  only 

37.95 

Peak  daily  capacity,  TPH 

a.  Process  hours,  only 

114.29 

b.  Process  and  idle  hours,  only 

62.00 

73 
27 
11.2 
84.2 
369.9 


16.21 

11.75 

11.63 

10.74 

8.05 


16.02 

11.61 


42.92 

21.51 


Mill  #3 


11,763 


74.92 

147.0 


683.6 
313.8 

27.3 

87.3 

363.7 


11.48 

10.58 

7.97 


17.41 

12.01 


47. 6y 
47.50 


Table  8.  Shear  Shredder  Size  Distribution  --  Average  Data  (inches) 
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Table  10.  Characteristic  and  Nominal  Particle  Size  for 
Shredded  NSW  in  Charleston,  SC 


Component 

Characteristic  Size  (in) 

Nominal  Size  (in) 

Shear 

Heil 

Shear 

Heil 

Paper 

4.2 

2.3 

5.6 

4.9 

Plastic 

5.0 

4.4 

7.4 

7.7 

Cardboard 

4.7 

4.0 

7.2 

5.7 

Textiles 

5.0 

3.2 

11.5 

10.4 

Wood 

2.2 

1.9 

4.1 

6.3  (est) 

Other  organics 

0.5 

0.2 

1.9 

1.0 

Total  organics 

4.1 

2.8 

6.8 

5.9 

Glass 

1.3 

0.6 

3.8 

1.0 

Inerts 

0.3 

0.2 

1.7 

0.2 

Ferrous  metal 

3.5 

3.1 

6.5 

4.9 

Nonferrous  metal 

2.9 

2.8 

3.9 

4.5 

Total 

3.4 

2.5 

6.2 

5.6 

Ratio  of  total  refuse  1.36 

1. 

11 

Table  11.  Power  Consumption  by  Shredders 


item 

Shear  Shredder 

Vertical  Hammermill 

Mill  #1 

Mill  #3 

Days  recorded 

105 

99 

Power  consumption,  kWh 
for  5  months 

100,000 

66,400 

Quantity  processed,  tons 
for  5  months 

33,098 

7,866 

Power  to  quantity  ratio, 
kWh/ton  for  5  months 
weighted  average 

3.02 

8.44 

Daily  power  consumption, 
kWh/ton:  Average 

3.14 

9.24 

Maximum 

6.90 

36.36 

Table  12.  Summary  of  Shredder's  Operating  Log: 


Item 

Running  Time 

Downtime 

Total 

Processing 

Idle 

Blockage 

Repairs 

No  Fault 

Shear  shredder, 
hours 

706.6 

533.2 

10.5 

112.3 

113.1 

1,475.7 

Heil  42-F  (#2), 
hours 

732.7 

277.7 

11.2 

84.2 

369.9 

1,475.7 

Heil  42-F  (#3), 
hours 

683.6 

313.8 

27.3 

87.3 

363.7 

1,475.7 

Shear  shredder,  % 

47.89 

36.13 

0.71 

7.61 

7.66 

100 

Heil  42-F  (#2),  % 

49.64 

18.82 

0.76 

5.71 

25.07 

100 

Heil  42-F  (#3),  % 

46.32 

21.26 

1.85 

5.92 

24.65 

100 

Table  13.  Operations,  Maintenance,  and  Supervision  Labor 
Requirements  for  Shredding  (7-month  period) 


Item 

Shear  Shredder 

Vertical  Hammermills 

Mill  7/1 

Mill  n 

Mill  n 

Combined 

Days  recorded 

121 

121 

121 

121 

Quantity  processed, 
tons 

38,634 

9,351 

9,262 

18,613 

Recorded  labor, 
man-hours 

Operations 

Maintenance 

Supv/Other 

1,359.5 

99.4 

122.0 

1,232.3 

77.4 

120.0 

1,236.8 

76.4 

120.0 

2,469.1 

153.8 

240.0 

Calculated  labor, 
man-hours/ton 

Operations 

Maintenance 

Supv/Other 

0.0352 

0.0026 

0.0032 

0.1318 

0.0083 

0.0128 

0.1335 

0.0082 

0.0130 

0.1327 

0.0083 

0.0129 

Table  14.  Summary  of  Repair  Actions 
(6  .month  period) 


Item 

Shear  Shredder 

Vertical  Hammermills 

Mill  in 

Mill  #2 

Mill  #3 

Combined 

NSW  processed,  tons 

32,681 

8,138 

8,049 

16,187 

Repair  time,  hours 

40.7 

23.5 

24.5 

48 

Repair  labor, 
man-hours 

91 

65.5 

67.5 

133 

Repair  parts  cost,  $ 

49,540 

5,054 

5,098 

10,152 

Repair  labor, 
man-hours/ton 

.0028 

.0080 

.0084 

.0082 

Repair  parts  cost, 
$/ton 

1.51 

0.62 

0.63 

0.63 

Table  15.  Comparison  of  Shredder  Processing  Information 


Charleston  County 

Chemung  County 

Item 

4-in 

Shear 
Shredder 
#1  Mill 

Heil 

Vertical 

H  a  Hunt  ym  i  1  1 

Cedarapids 

Shear  Shredder 

Jeffrey 

Horizontal 

11  AfTunp  lrmi  1  1 

Xlouiulc.  i.  ill  i  X  X 

#2  &  n  Mills 

6-in 

4-in 

2-in 

iiaimiic  mu  x  j. 

Capacity  (tons/hr) 

Average  w/idle 

39.3 

11.8 

43.8 

42.4 

24.4 

47.1 

Average  w/o  idle 

68.9 

16.7 

55.4 

49.6 

33.3 

49.6 

Peak  w/o  idle 

114.3 

38.3 

93.9 

90.3 

41.1 

67.8 

Discharge  material 
particle  size  (in) 

Characteristic  size 

3.4 

2.5 

5.5 

4.2 

3.4 

1.9 

Nominal  size 

6.2 

5.6 

14.3 

7.2 

5.7 

5.6 

Power  demand  (kW) 

- 

- 

118 

120 

123 

90-240 

Power  consumption 

(kWh/ ton) 

3.02 

8.44 

2.7 

2.9 

5.1 

5.1 

SOURCE:  Charleston  County  data  from  January  1,  1984  -  September  20,  1984 
Chemung  County  data  from  NYSERDA  Program,  1983. 


Table  16.  Values  of  Parameters  for  RAM  Analyses 


Parameters 

Shear 

Shredder 

Vertical-Shaft  Hammermill 

Mill  n 

Mill  #2 

Mill  #3 

Time,  hours 

fcal 

484.2 

524.1 

497.3 

fca2 

360.6 

187.1 

204.4 

S 

66.8 

43.2 

45.2 

t 

c 

47.7 

32.8 

44.0 

fcd 

65.9 

238.0 

234.3 

t 

e 

0 

0 

0 

Labor,  man-hours 

\a 

876.5 

792.3 

796  8 

Mtb 

62.2 

49.5 

48.5 

Mtc 

91.0 

65.5 

67.5 

Mtd 

NA 

NA 

NA 

M 

te 

0 

0 

0 

Other 

Tons 

32,861 

8,138 

8,049 

N^,  No.  of  Failures 

2 

1 

0 

N  ,  No.  of  Repairs 

23 

23 

23 

r 

32 


Table  17.  RAM  Analyses  Results  for  Charleston  County  Shredders 


Parameter 

Status 

Shear 

Shredder 

Vertical-Shaft  Hammermill 

Mill  #1 

Mill  n 

Mill  #3 

Combined 

Reliability 

R  (let  Tm  =  8) 

w/o  idle 
w/idle 

0.97 

0.98 

0.98 

0.99 

— 

0.99 

0.99 

Availability 

A 

w/o  idle 
w/idle 

0.4723 

0.8240 

0.5112 

0.6937 

0.4851 

0.6845 

0.4981 

0.6891 

Maintainability 

M,  man-hours/hour 

w/o  idle 
w/  idle 

0.3164 

0.1813 

0.2194 

0.1617 

0.2333 

0.1653 

0.2262 

0.1635 

! 
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Table  18.  Life-Cycle  Cost  Analysis  for  Shredding  at  the  SWRC 


Case 

Shear  Shredder 

Hammermill 

Expected  Case 

(capital  costs  are  sunk  costs): 

PV  of  original  capital  costs 

PV  of  major  equipment  replacement  cost 

PV  of  repair,  O&M,  and  disposal  costs 
Subtotal  present  value  costs 

0 

463,260 

1,830,000 

2,293,260 

0 

313,440 

737,000 

1,050,440 

PV  of  20-year  RDF  revenue 

0 

0 

Net  present  value  cost 

2,293,260 

1,050,440 

20-year  production,  tons 

1,426,420 

426,400 

NPV  of  total  cost  per  ton 

$1.60 

$2.46 

NPV  of  operating  costs  per  ton 

$1.60 

$2.46 

Alternative  Case 

(capital  costs  are  included): 

PV  of  original  capital  costs 

PV  of  major  equipment  replacement  cost 

PV  of  repair,  O&M,  and  disposal  costs 
Subtotal  present  value  costs 

1,249,650 

442,200 

1,660,000 

3,351,850 

1,002,420 

299,190 

670,000 

1,971,610 

PV  of  20-year  RDF  revenue 

0 

0 

Net  present  value  cost 

3,351,850 

1,971,610 

20-year  production,  tons 

1,426,420 

426,400 

NPV  of  total  cost  per  ton 


$2.34 


$4.62 


NPV  of  operating  costs  per  ton 


$1.47 


$2 .  27 
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CHEMUNG.  NY  AND  CHARLESTON.  SC  DATA 


DISTRIBUTION  LIST 


AFH  AUL/LSE  63-465,  Maxwell  AFB,  AL 

AFESC  DEB.  Tyndall  AFB.  FL;  HO  AFESC/TST,  Tyndall  AFB,  FL;  HO  TST,  Tyndall  AFB,  FL 
ARMY  Ch  of  Engrs,  DAEN-CWE-M.  Washington,  DC;  Ch  of  Engrs.  DAEN-MPU,  Washington,  DC;  R&D 
Cmd.  STRNC-WSA  (Kwoh  Hu),  Natick,  MA 
ARMY  CERL  CERL-ZN,  Champaign.  IL;  Library,  Champaign  IL 
ARMY  MAT  &  MECH  RSCH  CEN  DRXMR-SM  (Lenoe),  Watertown,  MA 
ARMY  MISSILE  R&D  CMD  Ch,  Docs,  Sci  Info  Ctr,  Arsenal,  AL 
ARMY  BELVOIR  R&D  CEN  STRBE-WC,  Ft  Belvoir,  VA 
CNO  Code  OP  413,  Washington,  DC;  Code  OP  987,  Washington,  DC 
DLSIE  Army  Logistics  Mgt  Center,  Fort  Lee,  VA 
DOD  DDR&E,  Washington,  DC 

EPA  Reg  VIII.  Lib,  Denver,  CO;  Reg  III  Lib,  Philadelphia.  PA 
FOREST  SERVICE  Engrg  Staff,  Washington,  DC 
GSA  Chief  Engrg  Br,  Code  PQB,  Washington,  DC 
IRE-ITTD  Input  Proc  Dir  (R.  Danford),  Eagan,  MN 
LIBRARY  OF  CONGRESS  Sci  &  Tech  Div,  Washington.  DC 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board,  Washington,  DC 

NAVFACENGCOM  Code  03,  Alexandria,  VA;  Code  (I32E,  Alexandria,  VA;  Code  03T  (Essoglou).  Alexandria, 
VA;  Code  04B3,  Alexandria,  VA;  Code  04M,  Alexandria,  VA 
BUREAU  OF  RECLAMATION  D-I512  (GW  DePuy),  Denver,  CO 
DTIC  Alexandria,  VA 
GIDEP  OIC,  Corona,  CA 

NAVFACENGCOM  Code  0812.  Alexandria.  VA;  Code  09M124  (Lib),  Alexandria,  VA;  Code  100,  Alexandria, 
VA;  Code  111,  Alexandria,  VA;  Code  112,  Alexandria,  VA;  Code  FPO-3A2  (Bloom),  Alexandria,  VA; 

Code  FPO-3C,  Alexandria,  VA 

NAVFACENGCOM  •  CUES  DIV.  CO,  Washington.  DC;  Code  FPO-IPL,  Washington.  DC 
NAVFACENGCOM  -  LANT  DIV.  CO.  Norfolk,  VA:  Library.  Norfolk.  VA 
NAVFACENGCOM  -  NORTH  DIV.  CO,  Philadelphia,  PA;  Code  04AL.  Philadelphia.  PA 
NAVFACENGCOM  -  PAC  DIV.  CO,  Pearl  Harbor,  HI;  Library.  Pearl  Harbor.  III 
NAVFACENGCOM  -  SOUTH  DIV.  CO,  Charleston,  SC;  Library.  Charleston.  SC 

NAVFACENGCOM  -  WEST  DIV.  Br  Ofc,  Security  Offr,  San  Diego.  CA;  Br  Offc.  Code  II4C,  San  Diego,  CA; 

CO,  San  Bruno,  CA;  Library  (Code  04A2.2),  San  Bruno,  CA 
NAVOCEANO  Library,  Bay  St  Louis.  MS 
NAVSIIIPYD  Library.  Portsmouth,  Nil 

OFFICE  SECRETARY  OF  DEFENSE  OASD.  Energy  Dir.  Washington,  DC 

PWC  CO,  Great  Lakes,  IL;  CO,  Norfolk.  VA;  CO,  Oakland,  CA;  CO,  Pearl  Harbor.  HI;  CO,  Yokosuka, 

Japan;  Code  !(X>E,  Great  Lakes,  IL;  Code  101  (Library),  Oakland,  CA;  Code  11(1.  San  Diego,  CA;  Code 
123-C,  San  Diego,  C'A;  Code  420,  Great  Lakes,  IL;  Library  (Code  134),  Pearl  Harbor,  HI;  Library,  Guam, 
Mariana  Islands;  Library,  Norfolk,  VA;  Library,  Pensacola,  FL;  Library.  Yokosuka  JA;  Tech  Library,  Subic 
Bay.  RP 

U.S.  MERCHANT  MARINE  ACADEMY  Reprint  Custodian.  Kings  Point.  NY 
US  DEPT  OF  INTERIOR  Nat  l  Park  Svc.  RMR/PC.  Denver.  CO 

USDA  Ext  Serv  (T  Maher),  Washington,  DC;  For  Serv.  Equip  Dev  Cen.  San  Dimas.  CA;  Forest  Prod  Lab. 

Libr,  Madison,  W! 

ARIZONA  STATE  UNIVERSITY  Energy  Prog  Offc.  Phoenix.  AZ 
BONNEVILLE  POWER  ADMIN  Energy  Conserv  Offc.  Portland.  OR 
BROOKIIAVEN  NATL  LAB  M.  Steinberg,  Upton,  NY 
CALIFORNIA  STATE  UNIVERSITY  C.V.  Chelapati.  Long  Beach.  CA 
CITY  OF  LIVERMORE  Dackins.  PE.  Livermore.  CA 
COLORADO  STATE  UNIVERSITY  CE  Dept  (Nelson).  Ft  Collins.  CO 
CONNECTICUT  Policy  &  Mgmt,  Energy  Div.  Hartford.  CT 
DAMES  &  MOORE  LIBRARY  Los  Angeles,  CA 

FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Library.  Carson  City.  NV 
FRANKLIN  RSCH  CEN  M  Padusis,  Philadelphia,  PA 

HAWAII  STATE  DEPT  OF  PLAN.  &  EC  ON  DEV.  Tech  Info  Or.  Honolulu,  HI 

KEENE  STATE  COLLEGE  Sci  Dept  (Cunningham).  Keene.  Nil 

LAWRENCE  LIVERMORE  NATL  LAB  FJ  Tokarz,  Livermore,  CA 

LEHIGH  UNIVERSITY  Lindcrman  Libr.  Ser  Cataloguer,  Bethlehem.  PA 

LOUISIANA  DIV  NATURAL  RESOURCES  &  ENERGY  R&D  Div.  Baton  Rouge.  LA 

MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta.  ME 

MISSOURI  Dept  Nat  Res,  Energy  Div.  Jefferson  City,  MO 

MM  Engrg  Lib.  Cambridge.  MA;  Hydrodynamics  Lab  (llarlcman).  Cambridge.  MA:  Lib.  Tech  Reports. 
Cambridge.  MA 


MONTANA  ENERGY  OFFICE  Anderson,  Helena,  MT 
NY  CITY  COMMUNITY  COLLEGE  Library,  Brooklyn,  NY 
NYS  ENERGY  OFFICE  Library,  Albany,  NY 
PURDUE  UNIVERSITY  Engrg  Lib.  Lafayette,  IN 
SEATTLE  UNIVERSITY  CE  Dept  (Schwaegler),  Seattle,  WA 
SRI  INTL  Phillips,  Chem  Engr  Lab,  Menlo  Park,  CA 

STATE  UNIV  OF  NEW  YORK  CE  Dept,  Buffalo,  NY;  Maritime  Col  (Longobardi),  Bronx,  NY 

TEXAS  A&M  UNIVERSITY  CE  Dept  (Ledbetter),  College  Station,  TX 

UNIVERSITY  OF  CALIFORNIA  CE  Dept  (Mitchell),  Berkeley,  CA;  Energy  Engr,  Davis,  CA 

UNIVERSITY  OF  HAWAII  Library  (Sci  &  Tech  Div),  Honolulu,  HI 

UNIVERSITY  OF  ILLINOIS  Library.  Urbana,  IL;  Metz  Ref  Rm,  Urbana,  IL 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  CE  Dept  (Thompson).  Austin,  TX 

UNIVERSITY  OF  WASHINGTON  Engrg  Col  (Carlson),  Seattle,  WA 

VENTURA  COUNTY  PWA  (Brownie),  Ventura.  CA 
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CHEMED  CORP  Dearborn  Chem  Div  Lib.  Lake  Zurich,  IL 

COLUMBIA  GULF  TRANSMISSION  CO.  Engrg  Lib,  Houston.  TX 

DURLACH,  O'NEAL,  JENKINS  &  ASSOC  Columbia,  SC 

GEOTECHNICAL  ENGRS,  INC  Murdock,  Winchester,  MA 

GRUMMAN  AEROSPACE  CORP.  Tech  Info  Ctr,  Bethpage.  NY 

HALEY  &  ALDRICH,  INC.  HP  Aldrich,  Jr,  Cambridge.  MA 

LINDA  HALL  LIBRARY  Doc  Dept,  Kansas  City,  MO 

LITHONIA  LIGHTING  Applications  Engrg  (B  Helton),  Conyers.  GA 

MATRECON,  INC  H.  Haxo.  Alameda.  CA 

MC  DERMOTT.  INC  E&M  Div,  New  Orleans.  LA 

MOFFATT  &  NICHOL  ENGRS  R  Palmer.  Long  Beach.  CA 

PG&E  Library,  San  Francisco,  CA 

RAYMOND  INTL,  INC  Soil  Tech  Dept  (E  Colle).  Pennsauken.  NJ 
SANDIA  LABORATORIES  Library.  Livermore,  CA 
SHANNON  &  WILSON.  INC  Librarian.  Seattle.  WA 
TEXTRON.  INC  Rsch  Ccn  Lib.  Buffalo.  NY 
TRW  SYSTEMS  Dai.  San  Bernardino.  CA 

UNITED  TECHNOLOGIES  Hamilton  Std  Div.  Lib.  Windsor  Locks.  CT 
WARD,  WOLSTENHOLM  ARCHITECTS  Sacramento,  CA 
WESTINGHOUSE  ELECTRIC  CORP.  Library.  Pittsburg.  PA 
WOODWARD-CLYDE  CONSULTANTS  R  Cross,  Walnut  Creek.  CA 
KETRON,  BOB  Ft  Worth,  TX 
MESSING.  D.W.  Voorhees.  NJ 
SPIELVOGEL,  L  Wyncote.  PA 


INSTRUCTIONS 

The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the  label 
on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Add  —  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (PLEASE  ATTACH  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Note:  Numbers  on  label  but  not  listed  on  questionnaire  are  for  NOEL  use  only,  please  ignore  them. 


Fold  on  line  and  staple. 
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DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings) 

3  Waterfront  structures  (maintenance/deterioration  control) 

4  Utilities  (including  power  conditioning) 

5  Explosives  safety 

6  Aviation  Engineering  Test  Facilities 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (including  hardened  shelters, 

shock  and  vibration  studies) 

11  Soil/rock  mechanics 

13  8EQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  generation,  water  supplies) 

17  Expedient  roads/airfields/bridges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over- the- Beach  operations  (including  containerization, 

materiel  transfer,  lighterage  and  cranes) 

20  POL  storage,  transfer  and  distribution 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings,  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems, 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  managemen' 

36  Hazardous/toxic  materials  management 

37  Wastewater  management  and  sanitary  engineering 

38  Oil  pollution  removal  and  recovery 

39  Air  pollution 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Anchors  and  moorings 

49  Undersea  power  systems,  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  Surveying) 

52  Ocean  based  concrete  structures 

53  Hyperbaric  chambers 

54  Undersea  cable  dynamics 


TYPES  OF  DOCUMENTS 

85  Techdxu  Sheets  86  Technical  Reports  and  Technical  Notes  82  NCEL  Guide  8c  Updates  f ;  Nonc- 

83  Table  of  Contents  8t  Index  to  TDS  91  Physical  Security  remove  nn  name 
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